Background: Urinary tract infection diagnosis is based on urine culture, taken from a midstream collection. Obtaining samples in this manner is difficult in elderly patients suffering from incontinence and in infants.
Urinary tract infection is a common clinical problem in the elderly population, infants, and young children. The diagnosis of urinary tract infection is based on a urine sample taken for culture, traditionally, from a midstream collection. Obtaining samples in this manner is difficult or impossible in elderly patients suffering from incontinence and from infants. Among the former, a urine sample is obtained by catheterization. This procedure is associated with pain and discomfort and in some cases with induced urinary tract infections. [1] [2] In infants and young children, urine is obtained by sterile adhesive bags, suprapubic aspiration (SPA), or catheterization. All these methods have considerable drawbacks. Adhesive bags may not adhere, may cause perineal discomfort, and are associated with high incidence of mixed cultures, which may reflect contamination. SPA is considered the best method to obtain urine for culture in children. It has been shown that the use of SPA guided by portable ultrasound, in a children's hospital, increased the yield of successful taps from 52% to 79%. 3 However, this is a very intrusive and painful procedure and many physicians may feel uncomfortable using this method, especially in the primary care setting. Catheterization in children is considered painful and associated with discomfort, as in the geriatric population. In this study, we compared urine cultures from wetted ultra-absorbent gel-based diapers with urine samples obtained and examined by accepted meth-ods. Initially, the experiments conducted in our previous study 6 were repeated with urine samples regularly sent to the microbiology laboratory of The Soroka Medical Center, Beer-Sheva, Israel. Thereafter, urine samples were compared with samples obtained from diapers soaked with the same urine, and examined 0 to 3 hours after soaking.
Methods
To determine the best method to extract a urine sample from gel-based diapers, the amount needed, and where in the diaper the sample should be taken from, the methods outlined in our previous study 6 were repeated (diapers used: Depend Disposable Diapers; Shikma, Ltd., Ramle, Israel). Because a different diaper manufacturing company was used, the methods were reevaluated using positive urine cultures (Ն10 5 organism colony-forming units/ mL) and negative urine samples routinely sent to the microbiology laboratory at Soroka Medical Center.
Collection Method
As described in our previous study, 6 gel-based diapers were wetted with 10-mL urine samples and then bisected in the inner side, along the long axis with sterile scissors; a sample of ultra-absorbent substance was taken by a 10-inch ring gynecologic forceps; the sample was dropped into 9 mL of saline and vortexed for 10 seconds; a specimen of 0.01 mL was cultured on an agar plate ( Figure 1 ). To assess different aspects of the technique, several experiments were performed. The lab technician culturing the urine from gel-based diapers was blinded to the urine samples results previously cultured by standard techniques.
Results

Experiment 1
Collecting methods from diapers were found to fully correlate with positive urine cultures (all 14 positive urine cultures were also positive from diapers). As found in our previous trial, 6 no significant variations were found in the culturing results of the samples taken from different parts of the diaper (along the long axis: anterior, mid-line or posterior) (Figure 1 ).
Experiment 2
Full concordance of the culturing results was found between routine samples and the samples from the gel-based diapers, 0 to 3 hours after wetting (Table  1) . In only one test was the result of the direct culture negative, and the gel-based diaper sample showed a mixed growth (3 hours after soaking). Thus, it was decided to culture urine from gelbased diapers up to 2 hours after wetting.
Overall Comparison Experiments: Experiment 3
Twenty-seven urine samples were cultured and compared with samples from diapers after wetting (Table 2 ). In 17 samples, there was no growth at all in both the diaper and the direct urine samples, and 6 cultures were positive. One culture showed a growth of 2 organisms, and in 3 samples, the growth was mixed/not clean, although not positive (Ն10 5 ), in both methods. Taking into account the results of all the experiments performed (total of 60 experiments, Tables 1 to 2): 24 resulted in positive direct urine culture, 32 were negative, and 4 showed mixed growth. In the gel-based diaper cultures: 24 cultures were positive, 31 were negative, and 5 showed mixed growth. Thus, the sensitivity is 100% (24/24) and the specificity is 97% (31/32) ( Table 3 ).
Discussion
The diagnosis of urinary tract infection is dependent on culturing a microorganism from urine. Ahmed et al 4 showed that urine can be collected for culture from disposable diapers by extracting it from the wet fibers. They demonstrated good agreement in bacterial counts between urine collected this way and urine collected in adhesive bags. Their study also suggested that the contamination rate with this procedure might be lower than with the bag specimens. In another assessment of the reliability for microbiologic analysis of urine collection from disposable diapers of elderly women with severe urinary incontinence, it was found to be simple and reliable for routine analysis. No change over time in contamination or bacterial concentration was observed. 7 Cohen et al 5 compared cultures collected from disposable diapers with those collected by SPA or catheter. The results showed that all the infants in whom cultures collected by SPA or catheter were negative also had negative cultures from urine col-lected from diapers. Only 6% (2 of 33) of the urine cultures collected from diapers were positive for E coli, with colony counts of 10 5 colony-forming units/mL. Those 2 infants, however, had negative cultures from SPA and catheter specimens. Repeated urine cultures were negative, and the infants were not considered to have had a urinary tract infection. Thus, samples collected from disposable diapers were in complete agreement with those obtained by SPA or catheter in 36 of 38 cases (95%). A major limitation of their technique is that it is not applicable to ultra-absorbent gel-based diapers.
Recent research has shown that absorbent pads can be used yielding similar results to bag specimens. Twenty concurrent bag and pad specimens were collected from non-toilet-trained children. There was a lack of agreement between bag and pad specimens on both main outcome measures. Agreement between bag and pad specimens for the presence of white blood cells yielded a ϭ 0.10 (95% CI: 0.19, 0.39), indicating poor agreement, whereas a ϭ 0.5 (95% CI: 0.12, 0.88) was calculated for the degree of agreement in bacterial growth reflecting moderate agreement. 8 Another study evaluated the validity of using cotton gauze pad as a medium for collecting urine samples from young children and to examine the stability of the recoveries for creatinine and pesticide metabolites over 24 hours. The results suggest that cotton gauze pad is a promising candidate for collecting urine samples from young children wearing diapers for studies in which urinary pesticide metabolites are to be analyzed. 9 In our study, experimentally culturing urine from ultra-absorbent gel-based diapers showed good concordance with direct sampling of urine collected from standard techniques. There were no false-positive or false-negative results, no influence of the gel substance on the culture result was found, and the procedure developed was simple, rapid, and practical for an outpatient setting.
The data from these experiments demonstrate that urine collected from gel-based diapers can closely predict the concentration of infected urine. Although the sample is small, the high correlation coefficient (R ϭ 1.00) and the high sensitivity (100%) and specificity (97%), provide sufficient basis to proceed from the experimental laboratory phase to the clinical phase. Because another diaper brand was used (compared with our previous study 6 ), generalization to other ultra-absorbent diapers is possible. The experimental protocol used still restricts immediate generalization to the clin- ical setting for several reasons: first, the data show the ability of E coli to survive exposure to the gel and to be readily extractable from the diaper. Although this is a potential limitation, it seems unlikely that other urine pathogens would behave differently. Second, the volume of urine voided by infants with UTI is unknown. However, it is important to remember that the bladder capacity of infants is surprisingly large. Term newborns have 50 to 60 mL of bladder capacity, and this increases to 100 mL by the end of the first year. It seems likely that there is frequent bladder emptying in infants with UTI. Because weight measurements suggest that even 10 to 20 mL will yield reproducible results with our technique, this should not represent a clinical limitation.
Other potentially relevant issues are not addressed by these experiments. Diapers worn by infants are in direct contact with perineum and could be contaminated. Clearly, gross fecal soiling would interfere with our technique. Previous studies with disposable diapers surprisingly indicate that contamination concerns might not be a major problem. 4 -7 There are a host of other issues to be considered. What impact does the gel have on microbiologic selection? Does it affect some organisms (either as a growth media or as an inhibitor or toxin to the bacteria) but not others? What influence does urine pH have? Does it interact with blood (eg, in hematuria with UTI)? The study does not address these. Because this is only a preliminary study, studies investigating this novel technique of diaper culture in the clinical setting (both in the infant and geriatric populations) should be conducted. Given the few patients testing positive, a larger sample would be needed. Furthermore, set criteria for standardizing the collection method should be applied: no stool in diaper and last diaper change was up to 2 hours from collection (even though in the laboratory 3 hours showed good results).
